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The structure determinations of the hydrated proton-transfer compounds of piperidine-4-
carboxamide (isonipecotamide) with indole-2-carboxylic acid and indole-3-carboxylic 
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(e) Abstract and Key Words 
The structures of two hydrated proton-transfer compounds of 4-piperidinecarboxamide 
(isonipecotamide) with the isomeric heteroaromatic carboxylic acids indole-2-carboxylic 
acid and indole-3-carboxylic acid, namely 4-carbamoylpiperidinium indole-2-carboxylate 
dihydrate (1) and  4-carbamoylpiperidinium indole-3-carboxylate hemihydrate (2) have 
been determined at 200 K. Crystals of both 1 and 2 are monoclinic,  space groups P21/c 
and P2/c  respectively with  Z = 4 in cells having dimensions a = 10.6811(4), b = 
12.2017(4), c = 12.5456(5) Å,  β = 96.000(4)o (1) and  a = 15.5140(4), b = 10.2908(3), c 
= 9.7047(3) Å, β = 97.060(3)o (2). Hydrogen-bonding in 1 involves a primary cyclic 
interaction involving complementary cation amide N-H…O(carboxyl) anion and anion 
hetero N-H…O(amide) cation hydrogen bonds [graph set R22(9)]. Secondary associations 
involving also the water molecules of solvation give a two-dimensional network structure 
which includes weak water O-H…π interactions. In the three-dimensional hydrogen-
bonded structure of 2, there are classic centrosymmetric cyclic head-to-head hydrogen-
bonded amide-amide interactions [graph set R22(8)] as well as lateral cyclic amide-O 
 3 
linked amide-amide extensions [graph set R24(8)]. The anions and the water molecule, 
which lies on a twofold rotation axis, are involved in secondary extensions.  
Key Words: Isonipecotamide; proton-transfer compounds; hydrogen bonding.  
Running Title:    Isonipecotamide-indolecarboxylate salts  
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(f)  Introduction 
 
The structures of 4-piperidinecarboxylic acid (isonipecotic acid) [1] and 
its derivatives are uncommon in the crystallographic literature. Both anhydrous  
isonipecotic acid [2] and its monohydrate [3] show the presence of piperidinium- 
carboxylate zwitterions while the structure of the hydrochloride is also known [4 - 6] 
.However, neither the structure of its amide isonipecotamide, (INIPA) nor any of its 
 derivatives had been reported, until we initiated a project of  investigation of the 
 potential for the formation of  1:1 proton-transfer compounds of this Lewis base with 
 carboxylic acids. The results have been particularly encouraging, giving  the structures 
 of the salts with largely the aromatic acid analogs, the majority being  anhydrous. 
 Examples include the three isomeric mononitrobenzoates and 3,5-dinitrobenzoate [7], 
 the 5-nitrosalicylate [8], the phenylacetate [9], the isonicotinate [10] the 3- 
carboxypyrazine-2-carboxylate [10], the 4-nitrophthalate (1:1) [11], the 4,5- 
dichlorophthalate (1:1) [11] and the 5-nitroisophthalate (1:1) [11] (all anhydrous). 
 Solvated examples are the nicotinate  (a partial hydrate) [10],  the acetate (a 
 monohydrate) [12] , the terephthalate [a dihydrate] [11] and the 6-carboxypyridine-2- 
carboxylate (a mono-methanol solvate) [10], while with o-phthalic 
 acid, a 1:1 hydrogen phthalate-phthalic acid adduct is found [13]. The anhydrous 2:1 
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 biphenyl-4,4'-disulfonate structure is also known [14] as well as the 1:1 picrates with 
 picric acid and 3,5-dinitrosalicylic acid (two polymorphs) [15]. Common in a number of  
these structures is the presence of the head-to-head hydrogen-bonded cyclic amide-amide 
 dimer [16] formed through N-H…O interactions. These are characterized by an R22(8) 
 graph set [17].   
The 1:1 stoichiometric reactions of isonipecotamide with isomeric  
indole-2-carboxylicacid and indole-3-carboxylic acid in aqueous methanol yielded 
 crystals which  provided  the crystal structures of  4-carbamoylpiperidinium indole-2- 
carboxylate dihydrate (1) and  4-carbamoylpiperidinium indole-3-carboxylate 
 hemihydrate (2) which  are reported here. 
 
INSERT 1   Schematic of isonipecotamide and the two isomeric indole carboxylates  
are given here     (INIPICA.eps)   (caption below) 
         isonipecotamide, indole-2-carboxylic acid, indole-3-carboxylic acid 
 
(g) Experimental Section  
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Preparation.  The title compounds was prepared by heating together under reflux for 10 
min., 130 mg (1 mmol) quantities of piperidine-4-carboxamide (isonipecotamide) and 
respectively 160 mg (1 mmol) of indole-2-carboxylic acid (for 1) or indole-3-carboxylic 
acid (for 2),  in 50 mL of a 4:1 (v/v) mixture of  methanol and water. After concentration 
to ca. 30 mL, partial room temperature evaporation of the hot-filtered solutions gave 
colourless crystals of  1 (m.p. 190  oC) and 2 (m.p. 151 oC). Compound 1 was found to 
deteriorate rapidly in air, presumably due to loss of labile water molecules of solvation 
and X-ray data sets for both compounds were therefore collected at 200 K with the 
specimens immersed in silicone oil drops. 
Crystallography.  
X-ray diffraction data for both 1 and 2 were acquired at 200(2) K on an Oxford 
Diffraction Gemini-S Ultra CCD-detector diffractometer employing graphite crystal 
monochromatized Mo Kα radiation (λ  = 0.71073 Å). Data collection and reduction as 
well as absorption correction (multi-scan [18]) were completed using CrysAlisPro [19]. 
Structures were solved by direct methods (SHELXS97 [20]) and refined (SHELXL97 
[20]) (both operating within WinGX  [21]), with anisotropic thermal parameters for all 
non-hydrogen atoms. Hydrogen atoms potentially involved in hydrogen-bonding 
interactions were located by difference-Fourier syntheses and their positional and 
isotropic thermal displacement parameters were refined. Others were included in the 
respective refinements at calculated positions and treated as riding models. General 
crystallographic details are given in Table 1. The atom numbering schemes employed for 
the associated cation and anion species and the water molecules of solvation in 1 and 2 
are shown in Figs. 1 and 2 [22]. Hydrogen-bonding is shown in Figs. 3 and 4. 
 
 (h) Results and Discussion 
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INSERTS  2, 3 :   Figures 1 and 2  [Atom numbering scheme for the adduct species 
in the asymmetric units of 1 (INIPICA1.TIF) and 2 (INIPICA2.TIF) 
 
In the structure of 1, the ion-pair hydrogen-bonding association is cyclic, formed through 
complementary cation amide N-H…O(carboxyl) anion and anion hetero N-H…O(amide) 
cation hydrogen bonds [graph set R22(9)], best seen in Fig. 1. Extension along the c axial 
direction of the unit cell through piperidinium N-H…O(carboxyl) hydrogen bonds gives 
chain substructures (Fig. 3). These chains are extended peripherally across b via water  
O-H…O(carboxyl) and O-H…O(water) as well as piperidinium N-H…O(water) 
interactions (Table 2a), giving a two-dimensional network structure.  In addition, a 
hydrogen atom of one of the water molecules (O2W) is involved in a C-H…π interaction  
[O2W-H21W…Cg(C4--C9)v, 3.582(2)Å]. For symmetry code (v), see Table 2a. 
 
INSERT  4:  Figure 4 (packing of 1 in the unit cell)  (INIPICA3.TIF) 
 
In the structure of 2, the primary ion-pair interaction is formed through a strong 
piperidinium N-H…O(carboxyl) hydrogen bond [2.7411(16) Å] (Fig. 2). The INIPA 
cations form classic centrosymmetric dimers through head to head cyclic R22(8) amide-
amide N-H…O hydrogen-bonding interactions. These dimers, which lie along the a cell 
direction are then linked across c by lateral cyclic R24(8) amide-amide interactions (Fig. 
4), giving ribbon structures which are similar to those found in the INIPA-o-
nitrobenzoate structure [7]. Further extension involves both piperidinium and indole N-
H…O(carboxyl) interactions  (Table 2b) while the water molecule of solvation, which 
lies on a two-fold rotation axis links carboxyl groups, giving an overall three-dimensional 
framework structure.  
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INSERT  5:  Figure 4 (packing of 2 in the unit cell)  (INIPICA4.TIF) 
In the anion of 1,  the carboxylate group is close to coplanar with the indole ring  [torsion 
angle N1-C2-C21-O22 ,  -174.67(11)o ] corresponding to a dihedral angle between the 
plane of this group and the indole ring of 4.73(10)o while in 2, the group is significantly 
rotated out of the plane [torsion angle C2-C3-C31-O32 ,  -157.07(14)o ; dihedral angle 
22.13(7)o].  
Conclusion 
The structures of the two proton-transfer compounds of isonipecotamide described here 
further demonstrate the utility of this amide as a synthon in structure assembly processes, 
particularly with aromatic carboxylic acids. In addition, we have observed in 2 the first 
structure of a solvated salt of isonipecotamide which has the head-to-head amide-amide 
motif in its hydrogen-bonding framework. 
 
Supplementary material 
 
CCDC  818660 and 818661 contain the supplementary crystallographic data for 1 and 2 
from this paper. These data can be obtained free of charge via www.ccdc.cam.ac.uk/data 
request/cif by e-mailing data_request@ccdc.cam.ac.uk, or contacting The Cambridge 
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK. 
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(j) Tables  
Table 1. Crystal data for 1 and 2 
Compound            1            2 
CCDC reference 818660 818661 
Molecular formula C15H23N3O5 C15H21N3O3.5 
Mr 325.36 299.35 
Crystal system monoclinic monoclinic 
Space group P21/c P2/c 
a (Å) 10.6811(4) 15.5140(4) 
b (Å) 12.2017(4) 10.2908(3) 
c (Å) 12.5456(5)   9.7047(3) 
β (o) 96.000(4) 97.060(3) 
V (Å3) 1626.08(10) 1537.62(8) 
Z 4 4 
Dc (g cm-3) 1.329 1.293 
μ (mm-1) 0.100 0.093 
F(000) 696 640 
Reflections total, 
θmax (o) 
10,757, 26.0 10,659, 26.0 
Crystal size (mm3) 0.45 x 0.35 x 0.20 0.40 x 0.35 x 0.20 
Collection range: 
h 
k 
l 
 
-12 to 13 
-15 to 15 
-15 to 15 
 
-19 to 18 
-12 to 12 
-11 to 11 
Reflections 
(independent) 
3190 3010 
Reflections [F2>2 
σ(F2)] 
2534 2256 
Rint 0.0207 0.0252 
R1 a [F2>2σ(F2)] 0.0344 0.0388 
wR2 a (all data) 0.0893 0.0996 
S a 0.997 1.037 
np 244 219 
Transmission 
factors (max/min) 
0.90/0.98 0.98/0.99 
Residuals: Δmax./min 
(eÅ-3) 
0.187/-0.193 0.157/-0.182 
a R1 = (Σ |Fo| – |Fc| )/ Σ |Fo|);  wR2 = {Σ [w(Fo2 – Fc2)2] / Σ [w(Fo2)2]}½ ;  
S  = {Σ [w(Fo2 – Fc2)2] / (n-p)}½. 
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Table 2. Hydrogen-bonding interactions (Å/ o) for 1 and 2 
     (a)                                                  1 
D-H…A D-H H…A D…A ∠ DH..A 
N1A-H11A…O22i 0.987(17) 1.727(17) 2.6986(14) 167.3(14) 
N1A-H12A…O1Wii 0.935(17) 1.832(17) 2.7546(17) 168.6(13) 
N41A-H41A…O22iii 0.935(17) 2.039(17) 2.9639(14) 170.4(14) 
N41A-H42A…O21 0.966(17) 1.967(16) 2.9322(14) 177.5(15) 
N1-H1…O41A 0.926(15) 1.976(15) 2.8613(13) 159.4(13) 
O1W-H11W…O21 0.87(2) 1.97(2) 2.8196(16) 166.8(18) 
O1W-H12W…O2Wiv 0.96(3) 1.85(3) 2.808(2) 171(3) 
O2W-H22W…O41A 0.91(2) 1.88(2) 2.7719(17) 166(2) 
O2W-H21W…Cgv 0.86(3) 2.77(4) 3.582(2) 157(3) 
 
Symmetry codes: (i)  x,  y,  z + 1;  (ii)  -x + 2, -y +1, -z + 1;  
 (iii)  x,  -y + ½,  z + ½;  (iv)  -x + 2,  y - ½,  -z + ½;  (v)  x,  -y + 1½,  z + ½ 
        (b)                                                  2 
D-H…A D-H H…A D…A ∠ DH..A 
N1A-H11A…O31i 0.951(19) 1.741(18) 2.6731(16) 165.6(16) 
N1A-H12A…O32 0.980(18) 1.761(18) 2.7411(16) 179.2(19) 
N41A-H41A…O41Aii 0.973(19) 1.919(19) 2.8361(17) 156.0(17) 
N41A-H42A…O41Aiii 0.92(2) 2.08(2) 2.9934(17) 172.8(17) 
N1-H1…O32iv 0.876(19) 2.221(19) 2.9635(18) 143.5(17) 
O1W-H11W…O31 0.835(19) 1.961(19) 2.7786(14) 166.1(18) 
 
Symmetry codes: (i)  -x,+ 2,  y,  -z + ½;  (ii)  x, -y,  z – ½;   
(iii)  -x + 1  -y,  -z;   (iv)  x,  -y + 1,  z + ½ 
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(k) Figures 
Figure 1.  Atom numbering scheme for the INIPA cation, the 2-ICA anion and the two 
water molecules of solvation (O1W, O2W) in 1. The inter-species hydrogen bond is 
shown as a dashed line and displacement ellipsoids are drawn at the 40% probability 
level [22]. 
Figure 2.  Atom numbering scheme for the INIPA cation, the 3-ICA anion and the 
water molecule of solvation (O1W) in 2. The water molecule lies on a two-fold rotation 
axis and displacement ellipsoids are drawn at the 40% probability level. 
Figure 3. A perspective view of the unit cell of 1 showing the hydrogen-bonding, noting 
the R22(9) cation-anion association. H atoms attached to carbon have been omitted for 
clarity. For symmetry codes, see Table 2a. 
Figure 4. The three-dimensional framework structure of 2 in a perspective view of the 
unit cell, showing the cyclic head-to-head R22(8) amide-amide dimers and their peripheral 
extension via R24(8) hydrogen-bonding associations in 2. For symmetry codes, see Table 
2b. 
